This paper deals with the design of Fuzzy Proportional Integral and Derivative FPID controller self tuned by Relative Rate Observer RRO method. The developed approach is applied to the Load-Frequency Control LFC of the Egyptian power system EPS as a single area with multi unit power system. The studied power system comprises three power plants; non-reheat, reheat and hydro generation plants. The proposed FPID controller is designed on an average point of four loading conditions of the EPS during summer and winter of 2008. The effectiveness of the proposed FPID self tuned by RRO (FPID-RRO) has been demonstrated by introducing the system nonlinearities using MATLAB-SIMULINK simulation program. Moreover, a comparison of the FPID with FPID-RRO controllers under different disturbances and parameter variations are presented to validate the FPID-RRO controller. The simulation results reflect and prove fast settling time and accurate tracking for the LFC of the Egyptian Power System.
The values in terms of fuzzy logic gains (normalizing gains) are calculated with respect to the PID gains and usually determined during off-line design. The tuning of these gains can be performed during on-line adjustments to enhance the process performance, as well as to accommodate the adaptive capability to system uncertainty and process disturbance. Relative Rate Observer Self-tuning RROST method [13] is used for tuning gains includes I/O scaling factors SF and parameters of membership functions MF. The RRO idea is given in [13] . This method adjusts the scaling factors that correspond to the derivative and integral coefficient gains of the FPID controller using a fuzzy inference Proceedings of the 9 th ICEENG Conference, 27-29 May, 2014 EE066 -3 mechanism in an on-line manner.
In recent years, intelligent techniques based on artificial neural networks, fuzzy logic, multi-agent systems, genetic algorithm, simulated annealing, particle swarm optimization, ant colony optimization and hybrid intelligent techniques have been applied to power system operational and control problems which were not countered effectively by conventional and modern control techniques [14] [15] [16] [17] [18] . Also, the description of the process in terms of IF-THEN rules can be combined with a mathematical description of nonlinear plants in the form of a fuzzy system model (Takagi-Sugeno fuzzy) [19] . These techniques have been found very effective and reliable even to deal with design, implementation, synthesis and analysis of LFC schemes in complex and large order power systems.
This paper provides a simple and straightforward procedure for designing FPID-RRO for Egyptian power system EPS. The main contributions of this paper are given in two steps:
• The first step in the design procedure is to replace a conventional PID controller by a linear fuzzy controller acting like it. The closed loop system should thus show exactly the disturbances response. This is a check that the implementation is correct. The FPID controller should be characterized by: 1. The control loop must have a sufficient degree of stability. 2. Following a step load change, the static error in frequency should be zero.
3. The frequency error should be minimized.
• The second step is eventually fine-tuning the linear FPID. The Relative Rate Observer RRO method is achieved as a tuning method. The proposed controllers are applied to the LFC of EPS as a single area with multi unit power system. Simulation is done when the controlled system is subjected to a severe disturbance with the presence of the inherent nonlinearity and system parameter changes. The results of the implementation for FPID have been compared with FPID-RRO.
The Egyptian Load Frequency Control System
The total installed generation capacity and peak load of the EPS in 2008 are approximately 22500 MW and 19740 MW, respectively [20] [21] [22] [23] The national energy control center NECC of the Egyptian Electricity Authority has developed a dynamic power frequency model for the EPS [20] [21] [22] [23] . The NECC model is originally built for solving load shedding problems and considers only the effect of primary reserve. The EPS consists of seven strongly tied zones. These zones have not considering any interconnection details and the study is carried out based on a single area power system model [20] [21] [22] [23] . The validity of the model has been tested through two different generator outage contingencies in two different loading conditions [20] [21] [22] [23] .
Figure (1): The block diagram of the Egyptian Power System LFC model in Simulink representation
Figure (1) shows the block diagram of the EPS LFC model using SIMULINK MATLAB [18, [20] [21] [22] [23] . The parameters of this model are divided into two sets. The first set of parameters does not depend on the system operating conditions. 
The dynamical equations of this model can be written in the state-space form given by
(1) where :
and ΔF(t) = x 1 (t) is the incremental frequency deviation in Hz, and ΔP 1 (t) = x 2 (t) is the incremental change in non-reheat plant output in p.u MW. ΔP 2 (t) = x 3 (t) is the incremental change in reheat plant output in p.u MW. ΔV 2 = x 4 (t) is the incremental opening in steam valve of reheat plant output in p.u MW ΔP 3 (t) = x 5 (t) is the incremental change in hydro plant output in p.u MW. ΔG(t) = x 6 (t) is the incremental opening in hydro plant inlet vane in p.u MW.
Four loading conditions of the EPS are considered to design the FPID controller. These four loading conditions represent the max and min loads in two daily load curves of the EPS in 2008 [20] [21] [22] [23] which are the two days of the max water discharge Monday 30/6/2008 and the minimum water discharge Tuesday 8/1/2008 from hydro power plants. Table ( 2) shows the calculated parameters for the four considered operating conditions. The average point of the four loading conditions is obtained from Table 2 . [20] [21] [22] [23] . Based on the experience of the Egyptian Electricity Authority EEA in control centers dates and National Energy Control Center NECC [7] [8] [9] , the program of the NECC considers only the effect of primary reserve concepts. The secondary loop based on the frequency signal is added to the Egyptian power system Simulink model to enable utilizing the effect of secondary reserve concepts. The secondary loop is a feedback FPID as seen in Fig (1) . 
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Fuzzy Controller Structure
A fuzzy logic controller has four main components as shown in Fig (2) namely; fuzzification stage, inference mechanism, rule base and defuzzification stage. For the design process, the triangular membership function is chosen because of its simplicity and effectiveness. The peak value of a membership function is the point where the output is unity and the width is the distance to zero membership. The input variables, or process states in the fuzzy controller are named as: the error e(k) and the change in error [5] [6] [7] .
Figure (2): Structure of a fuzzy controller
The first step in the design strategy is to replace the known PID by a linear fuzzy PID, in other words, is to transfer the PID gains to the linear fuzzy controller. The conventional PID controller signal u(n) at any given time instant n can be expressed in either absolute as in Eqn. (2) or incremental form Eqn. (3) with respect to the feed-back error signal e(n) as follows: Where, T s is the sampling period and Kp, K D and K I are the proportional, derivative and integral gains respectively. Also, Δe(n) = e(n) -e(n-1) and Δ 2 e(n) = Δe(n) -Δe(n-1).
Based on the above, it is required to design fuzzy PD and fuzzy PI controllers. The design steps for any one of these controllers can be summarized as follows [8] [9] [10] [11] [12] :
For any one of the two controller types: 1-Place an equivalent conventional PD or PI to control the process and get the values of the gains K P , K I and K D using any control design technique.
2-Construct an alternative linear 2-input fuzzy PD or fuzzy PI control having the error and error change signals E , CE as the inputs.
3-Normalize the two inputs to any universe of discourse, for example [-1 1], by placing two normalizing input gains GE and GCE that convert the maximum values of the input signals to the values of the chosen universe of discourse.
4-Construct a linear surface 2-input fuzzy controller and choose the ranges for the two inputs to be the same as the universe of discourse to which the original inputs where normalized [-1 1] tanking the output membership range as the sum of the two ranges of the inputs, i.e., [-2 2].
5-The input sets are uniformly distributed triangular and cross neighbor sets at membership value of 0.5 so that any crisp value is defined in two fuzzy sets, and the output membership functions is taken to be uniformly distributed singletons for the simplicity of defuzzification.
6-Divide the two input membership domains to only three areas: negative, zero and positive.
7-Write the rule base that has to represent a linear surface as given in Table ( 3). The method of the defuzzification process converts the fuzzy output to crisp value to be used as a non fuzzy control action is chosen to be the most popular defuzzification method as the center of gravity or center of area which is formulated as follows:
Where u(u i ) is the membership grad or weight of the element u i which is the output of the rule i.
Design steps for a fuzzy PD controller
The fuzzy PD (FPD) controller has three gains, which are mainly for tuning the response, and they can also be used for scaling the input signal on to the input universe to exploit it better, where the crisp proportional derivative controller has only two gains which make it flexible and better. The typical structure of FPD controller shown in Fig  (6 ), has two inputs [10] [11] [12] ; the error signal 'e' and the change of the error 'de/dt'. The first input will be transformed from value 'e' into the value 'E' after multiplication with the error gain GE.
Figure (6):
PD fuzzy controller E = GE * e (5) By the same procedure, the second input will be transformed from value 'de/dt' into the value of CE after multiplication with the change of error gain GCE.
The two fuzzy inputs 'E' and 'CE' are processed by the rule base stage to produce the new fuzzy variable 'u' which will be transformed into the value 'U' after multiplication with the output gain GU. U = GU * u
Although the controller needs both the error and the change of error as inputs, the controller is single-input-single-output SISO, because in principle the inputs are formed from the error measurement single feedback loop. The control signal U(n), at the time instant n, is a nonlinear function of error and change in error, U(n) = f (GE * e(n) , GCE * e(n)) * GU (8)
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As the function f is the rule base mapping, with two inputs and one output, the inputoutput mapping is a surface. A linear approximation requires the following conditions [10] [11] [12] :
• Support sets of input linguistic variables must be large enough so that input values stay in limits.
• Linguistic values must consist of symmetric triangular fuzzy sets that intercept with neighboring sets at a membership value of so that for any time instant, membership values add to 1.
• Rule base must consist of and combinations of all fuzzy sets.
• Output linguistic variables must consist of fuzzy sets positioned at the sum of the peak positions of input fuzzy sets.
• The activation operator and should be multiplication and defuzzification method must be "centre of gravity" COG.
This will result in [10]:
f (GE * e(n) , GCE * e(n)) = (GE * e(n) + GCE * e(n))
Then the control action for the linear controller is: U(n) = (GE * e(n) + GCE * e(n)) * GU e(n)) * GE GCE + e(n) ( * GU * GE =
The ideal continuous PD controller is given by:
Where u is the controller output, K p is the proportional gain, e is the error between the reference signal and the actual signal y (e = Ref-y) and T d is the derivative time (
). Comparing Equations, the gains are related as follows:
Comparing (8) with (5), one get: 
Design steps for a fuzzy PI controller
By the same way as proposed in [10] [11] [12] the FPI control can be obtained from Fig (7) and FPI gains are tabulated in Table ( 5). (21) 2-GCU = K 1 / GE (22) 3-GCE = K P / GCU (23)
Figure (6): PI fuzzy controller
Design steps for a fuzzy PID controller
For designing a PID fuzzy controller, it is straight forward to envision a fuzzy PID controller with two input terms: error, derivative error. This can be obtained by using a hybrid action of both FPI and FPD actions as follows [10] [11] [12] :
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Figure (8) :
Fuzzy PID model 1-Regarding the two gains of K I and K d , they will not differ from those of the abovementioned PD and PI controllers, while the overall K P will be the summation of the K P values for both PD and PI.
Table (6) depicts the relation between the conventional gain parameters of the PID controllers and the value of the FLC gains of FPID controller. 
Relative Rate Observer Based Self-tuning of Two-input FPID Controller
The previous structural parameters include I/O variables to fuzzy inference, fuzzy linguistic sets, membership functions, fuzzy rules, inference mechanism and defuzzification mechanism. The structural parameters are usually determined during offline design while the tuning parameters can be calculated during on-line adjustments of the controller to enhance the process performance, as well as to accommodate the adaptive capability to system uncertainty and process disturbance [13] .
Tuning parameters include I/O scaling factors SF and parameters of membership functions MF. The relative rate observer idea given in [13] . Fig (9) shows the Relative Rate Observer Self-tuning RROST method. This method adjusts the scaling factors that correspond to the derivative and integral coefficients of the fuzzy PID controller using a fuzzy inference mechanism in an on-line manner. The fuzzy inference mechanism that adjusts the related coefficients has two inputs one of which is "system error" designated as e and the other one is a new variable r v named as "normalized acceleration". The normalized acceleration gives "relative rate" information about the fastness or slowness of the system response. The normalized acceleration r v (k) is defined as [13] :
Here, d e(k) is the change in error and it is given by:
and dd e(k) is called the acceleration in error and it is given by:
also, d e(.) is chosen as follows:
The output of the fuzzy parameter regulator is designated as γ and the scaling factors GCE and GCU are adjusted as follows:
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Figure (9) : Relative rate self tuning for PID-type FLC
The fuzzy rules of the FLC, according to [13] are as follows: 
The input and output memberships are depicted in Fig (10 The advantage of this method over the peak oberver method is that there is no need to keep the first peak unchanged [24, 25] .
Simulation Results
The simulation is done using MATLAB Platform. The LFC system comprises three power plants; non-reheat, reheat and hydro generation plants as shown in Fig (1) . Several cases are performed for the proposed FPID controller self tuned by RRO method with system nonlinearly for verification of the effectiveness of the proposed controllers. The nonlinearity is represented by a Generated Rate Constraint GRC. The simulation results are started in all cases by comparing the responses of the controlled system by a PID obtained using ant colony optimization system for LFC-EPS [18] and the respective responses after replace it with FPID. It should be notced that the PID gains used are those found with nominal system parameters. To test the effectiveness of the system equipped with the designed FPID-RRO controller, the system is subjected to an increase by 1% in ΔP d . The time response of the frequency deviation ΔF and the control input are displayed in Fig (13) . Clearly, the FPID-RRO shows good performance characterized by lower undershoot, less oscillations and faster response. The control input using FPID has maximum starting value with loss overshoot. The responses of ACS-PID and the respective responses by FPID are almost the same. The system is subjected to the disturbance shown in Fig (14) -a. It is observed that the controlled system with FPID-RRO has lower undershoot and smooth responses as compared to a relatively larger undershoot exhibited by FPID with heavy oscillations. 
Case 3: Tracking Disturbance Variations
Comparison between the performances of the proposed FPID-RRO and FPID controllers when the system is subjected to the tracking disturbance variations is shown in Fig (15) . It can be noticed that the controllers show acceptable performance. Also, it is clearly shown that the FPID-RRO has few oscillations and relatively short settling time while FPID controller has large undershoot with a longer settling time. The control input for the two controllers give satisfactory results. 
